A feeding trial was conducted to evaluate the influence of live yeast culture (Saccharomyces cerevisiae) on milk production, composition, and blood biochemistry of dairy ewes during the machine milking period.
A feeding trial was conducted to evaluate the influence of live yeast culture (Saccharomyces cerevisiae) on milk production, composition, and blood biochemistry of dairy ewes during the machine milking period.
The control group (CD) was fed a concentrate mixture and hay and grazed twice daily, while the second (YS3) and third (YS6) groups were fed the same diet supplemented with 3 or 6 g of live yeast culture (Yea Sacc 1026 ), respectively. The treated groups had significantly higher values (p < 0.05) for fat corrected milk (FCM) (1221, 1116 and 940 g/day, for YS6, YS3 and CD group, respectively) and fat-protein corrected milk (FPCM) (1204, 1103 and 931 g/day, for YS6, YS3 and CD group, respectively), while the values for milk yield, fat yield and lactose yield were higher (p < 0.05) only in the YS6 group compared to the CD group. Milk yield values were constantly higher in the YS6 group than in the control group while the values for the YS3 group were more variable during milking. Milk composition was not significantly affected by yeast supplementation with the exception of urea values which were lower (p < 0.05) in the YC6 group. Yeast administration influenced β-hydroxy-butyrate (BHB) values, which were higher (p < 0.05) in the treated groups; and non-esterified fatty acids (NEFA) values, which were higher (p < 0.05) only in the YS6 group compared to the control group. Other blood biochemistry values were not influenced by the treatments.
We conclude that supplementation with live yeast culture, under the conditions of our experiment, had a significant effect on the performance and metabolism of grazing dairy ewes during the machine milking period. Based on more constant results, we could recommend the inclusion of live yeast culture (Yea Sacc 1026 ) at 6g/animal/day as appropriate for field conditions.
Metabolic profile, sheep, machine milking, pasture, Yea Sacc

1026
The use of dietary yeast cultures as a mechanism for manipulating rumen fermentation has been extensively investigated since the 1950s (Beeson and Perry 1952) . These investigations are nowadays becoming even more important because of the ban on antibiotics in the EU. Products containing Saccharomyces cerevisiae vary widely in efficiency, primarily because of differences in strain and the viability of yeast cells. Numerous models have been designed to explain the effects of yeast in the rumen. Data indicate that supplementation of yeast in the ruminant diet may improve feed intake (Robinson and Garrett 1999; Williams et al. 1991) , milk production (Abd El-Ghani 2004; Wang et al. 2001 ), weight gain (Salama et al. 2002 ), digestion (Jouany et al. 1998 Wohlt et al. 1991) , numbers of anaerobic and cellulolytic bacteria (Newbold et al. 1995), ruminal pH value (Doreau and Jouany et al. 1998) , and alter the patterns of volatile fatty acids (Arcos-Garcia et al. 2000) or even supply the animal with unknown growth factors (Girard and Dawson 1995) . Nevertheless, the results of these studies have been variable and strongly influenced by ration composition (Newbold 1996; Dawson 1992) . The influence of yeast supplementation on grazing animals has mainly been investigated in grazing steers (Olson et al. 1994a (Olson et al. , 1994b Arakaki et al. 2000) . Much less is known about the effects of yeast supplementation on grazing dairy ewes, nevertheless in vitro trials (El Hassan et al. 1994) and trials on grazing steers may give justification for investigation.
According to FAO (1999) two-thirds of the world's sheep milk production is concentrated in the Mediterranean region. About 95% of sheep and goat milk is converted into highquality dairy products of regional or local importance (Boyazoglu and Morand-Fehr 2001) . The breeding of dairy ewes suitable for the Mediterranean region of Croatia started in 1989 by crossing indigenous Istrian Sheep with high producing East Friesian dairy sheep (Mikulec et al. 2000) . The aim of the breeding programme was to improve milk production without affecting the resistance of the animals to environmental conditions and to produce a dairy sheep breed that could be successfully grazed on low quality Mediterranean pastures. In the Mediterranean region of Croatia sheep husbandry is extensive and is based on grazing and therefore high producing animals may experience nutritional imbalances during summer droughts (Mikulec et al. 2000) . In these conditions direct-fed microbials, such as live yeast cultures, may improve the productive performance of dairy ewes.
Since milk produced by dairy ewes in Croatia is used only for cheese making, the manipulation of the milk's chemical composition is an important objective. Therefore, the trial was designed to investigate the effect of live yeast culture on milk yield and the chemical composition of the milk of Istrian Sheep X East Friesian grazing dairy sheep during the machine milking period. Additionally we evaluated changes in blood biochemistry in order to test possible changes in metabolism.
Materials and Methods
Sixty crossbred Istrian Sheep × East Friesian dairy ewes were used in the lactation trial from the 40 th to the 180 th day of lactation (between February and July 2007), which is the usual period of machine milking in the region. All ewes were in second lactation. The sheep were divided into three groups on the 40 th day of lactation according to milk yield and body condition score recorded in the previous and current lactation. The ewes were milked twice daily (at 06:00 h and 17:00 h) in a double 24-stall parallel milking parlour. During the experiment, each group was kept in separate pens and separate paddocks between morning and evening milking. The sheep were randomly selected from a herd numbering 471 animals kept on the "Špin" dairy sheep farm located in the Istria Region, Republic of Croatia.
During the experimental period the animals received 1 kg/ewe/day of concentrate mixture, 0.3 kg/ewe/day lucerne hay and were allowed to graze from 7:00 h to 15:00 h and from 18:00 h to 21:00 h on rotational mixed grass pasture. The concentrate mixture was composed of corn (35%), barley (20%), sunflower meal (16%), wheat bran (16%), soybean meal (8%), and vitamin-mineral mixture (5%). The chemical composition of the concentrate mixture, hay and pasture are provided in Table 1 . Fresh water was available ad libitum. Diets were formulated to meet or exceed NRC recommendations (NRC 1985) .
Each group of ewes was randomly assigned to one of the dietary treatments: diet without live yeast culture (control diet = CD), diet with 3 g/day/sheep of live yeast culture (YC3) and diet with 6 g/day/sheep of live yeast culture (YC6). The live yeast culture (Yea Sacc 1026 ; Alltech, Inc., Nicholasville, Kentucky, USA) was mixed with concentrate mixture and individually fed to ewes two times daily during morning and evening milking.
Samples of the concentrate, hay and pasture were collected throughout the experimental period for chemical composition analyses. The samples were ground and analyses were made according to the AOAC (1999). Neutral Detergent Fibre (NDF) and Acid Detergent Fibre (ADF) were determined by detergent procedure of Robertson and Van Soest (1981) and Van Soest et al. (1991) , with alpha amylase (SIGMA-ALDRICH, Inc., USA) being added during NDF extraction. Sodium sulphite was not added.
The milk yield of each sheep was recorded weekly during two consecutive milkings (6:00 h and 17:00 h) by using recording jars in the milking parlour. Milk samples for composition analysis were taken biweekly until the end of the experiment. The samples were analysed for fat, protein, lactose, total solids and non-fat solids by a near infrared spectrophotometer using a Milkoscan FT 120 (Foss Electric, Denmark) and somatic cell count was determined using a Fossomatic 80 (Foss Electric, Denmark). The urea values were determined by an enzymatic colorimetric method using commercial kits of reagents (Herbos Dijagnostika doo, Sisak, Croatia).
Blood samples were collected on the 40 th , 110 th and 180 th day of lactation by puncture of the jugular vein, with the addition of heparin as an anticoagulant, prior to morning feeding. The blood plasma was separated by centrifugation and stored at -20 ºC for a maximum of 60 days until assayed. Biochemical indicators were assayed by an automatic analyser (SABA 18, AMS, Italy) using commercial kits of reagents ("Herbos Dijagnostika d.o.o.", Sisak, Croatia). Enzyme assays were done at 37 ºC, and alkaline phosphatase activity was measured at pH 10.5. Lipoprotein fractions were determined by electrophoresis in tapes of gelled cellulose-acetate (Cellogel ® , MALTA Chemetron, Milan, Italy). Interrelation and absolute concentration of lipoprotein fractions were determined by Global-scan densitometer (MALTA Chemetron, Milan, Italy).
Normality of the distribution was tested with skewness and kurtosis tests, and Shapiro-Wilk test. The data not presenting Gaussian distribution (Triglycerides and AST) were normalized by log transformation. The PROC MIXED for repeated measurements of SAS was used for the analysis of variance (SAS 1992) . Values recorded before the start of the experiment were used as covariates. Differences were considered at a significance level of p < 0.05.
Results
Two ewes were eliminated from the final data analysis (Tables 2 and 3 ) because of a health problem that was not considered to be associated with the treatments. In both ewes this health problem was acute mastitis (one in the control and one in the YC6 group).
The values for milk yield and composition are presented in Table 2 . Supplementation with live yeast culture only significantly increased the total milk yield during the experimental period in the YC6 group (p < 0.05) although YS3 also had a higher, but non-significantly, milk yield than the control group. Values for FCM and FPCM were higher in the treated groups (p < 0.05) than in the CD group. Fat yield and lactose yield significantly increased (p < 0.05) only in the YS6 group compared to the CD group.
The chemical composition of the milk was not influenced by the treatments with the exception of milk urea nitrogen that was significantly lower in the YC6 group (p < 0.05). Values of milk yield and chemical composition did not differ from the respective values recorded in other animals in the herd (not included in the experiment) kept on the experimental farm.
The values of blood biochemistry are summarised in Table 3 . Values for BHB were higher (p < 0.05) in the treated groups than in the CD group and NEFA values were higher (p < 0.05) in YC6 than in the control group. All other values concerning blood components were not significantly different between the groups. 
Discussion
In our study, the inclusion of live yeast culture to the ewes' diet showed a positive effect on milk yield during lactation. This has also been reported in dairy cows (Wang et al. 2001; Robinson and Garrett 1999; Wohlt et al. 1991) and in dairy goats (Abd El-Ghani 2004; Stella et al. 2007; Reklewska et al. 2000) . In contrast, other authors found no improvement of milk yield in dairy cows (Soder and Holden 1999; Arambel and Kent 1990; Swartz et al. 1994) , dairy goats (Hadjipanayiotou et al. 1997; Giger-Reverdin et al. 1996) or in dairy ewes (Hadjipanayiotou et al. 1997 ). These results confirm that the effects of live yeast administration were strongly influenced by diet composition. Although many authors stated that live yeast cultures are most efficient when animals are fed diets poor in nutrient supply Plata et al. 1994) or high concentrate diets overloaded with energy (Williams et al. 1991; Zelenak et al. 1994) , in some cases it is difficult to find a correlation between diet composition and the results of yeast supplementation. The animals in our trial were fed relatively high levels of concentrate (1 kg/animal/day) which could lead to improved buffering capacity in the rumen. Our results were also dose-dependent because 3 g of live yeast cultures per day was not efficient enough to maintain a constantly higher milk yield than in the control group. Similar results were obtained by Abd El-Ghani (2004) with 3 and 6 g of live yeast cultures per day fed to dairy goats. Due to the higher amount of total solids in sheep milk, compared to cows and goats, we expected that the supplementation of yeast may be more efficient in changing milk composition. However, the milk fat content was not significantly higher in the treated groups than in the control group, which is in agreement with Piva et al. (1993) who stated that the common result of yeast supplementation to dairy cows is only a slight (nonsignificant) increase in the milk fat content. Hadjipanayiotou et al. (1997) and Stella et al. (2007) also reported no increase in milk fat content in dairy goats. In Damascus dairy ewes Hadjipanayiotou et al. (1997) found no influence of live yeast administration on milk composition, although in their study the yeast was steam-pelleted with no report on cell viability. On the contrary, Abd El-Ghani (2004), Giger-Reverdin et al. (1996) and Mašek et al. (2008) found increased milk fat values in dairy goats and ewes. Milk protein and lactose values did not differ between the treatments, which was also noticed by the majority of authors (Stella et al. 2007; Giger-Reverdin et al. 1996) . Milk urea values were significantly lower in the group fed 6 g per day. Harrison et al. (1988) reported a much lower concentration of rumen ammonia N after yeast supplementation, which is in agreement with the results from Erasmus et al. (1992) , who found that the mean concentration of rumen ammonia decreased by 10% after YC supplementation. Erasmus et al. (1992) explained these reduced concentrations of ammonia in the rumen as the result of increased incorporation of ammonia into microbial protein and the direct result of stimulated microbial activity which could explain lower blood and milk urea values in our experiment.
We found significantly higher NEFA and BHB values in the treated groups, which is in agreement with Giger-Reverdin et al. (1996) and Quigley et al. (1992) . Increase in NEFA values could be explained by increased mobilisation of fat tissue caused by live yeast supplementation, which was also noted in dairy goats (Giger-Reverdin et al. 1996) . According to Quigley et al. (1992) , the increased ruminal butyrate was at least partially responsible for increased BHB values. Triglycerides and cholesterol values tended to be higher in the treated groups, which was also noted by Pysera and Opalka (2001) . The same authors also found, in contrast to our results, differences in lipoprotein fractions. All biochemistry values were within the normal reference range for lactating dairy ewes (Mašek et al. 2007; Roubies et al. 2006; Yokus and Cakir 2006; Dubreuil et al. 2005) .
Literature dealing with yeast supplementation in grazing animals is scarce and to our knowledge, involves mainly steers. Various authors found an increased number of protozoa (Arakaki et al. 2000) , increased live weight gain (Combellas et al. 2002) and increased degradation and digestibility (Olson et al. 1994a (Olson et al. , 1994b . According to most authors, micro-population plays a key role in the mode of action of yeast in the rumen (Dawson 1992; Wallace and Newbold 1992; Newbold et al. 1995 ). El Hassan et al. (1994 observed that Yea Sacc 1026 stimulated the total bacterial number in a rumen-simulating fermentor (Rusitec) when the basal diet was grass and increased, but not significantly, the number of cellulolytic bacteria. This increase in the number of bacteria, with a diet of grass, could explain the better performance of the dairy ewes in our trial.
We concluded that the supplementation of live yeast culture (Yea Sacc 1026 ) had a significant beneficial effect on the milk yield of grazing dairy sheep, fed pasture and concentrate mixture during the milking period. The significant results were probably a result of the interactions between yeast culture supplementation and diet composition. Since the influence was dose-dependent, we could recommend 6 g per day for inclusion in dairy sheep diets. Additional studies under different feeding conditions and in earlier stages of lactation should clarify the influence of live yeast supplementation in the diets of grazing dairy ewes and define the dietary situations in which it may be beneficial.
Vliv živé kultury kvasinek (Saccharomyces cerevisiae) na produkci a složení mléka, a na biochemické ukazatele v krvi pastevně chovaných ovcí mléčného plemene během období laktace se strojním dojením Předmětem této studie bylo zhodnocení vlivu podávání krmiva obohaceného o živou kulturu kvasinek (Saccharomyces cerevisiae) na produkci a složení mléka, a na biochemické ukazatele krve ovcí mléčného plemene v období strojního dojení. Ovcím v kontrolní skupině (CD) byla podávána krmná dávka složená z jadrného krmiva a sena, pastva byla dvakrát denně. Pokusným zvířatům druhé (YS3) a třetí (YS6) skupiny byla podávána stejná dieta doplněná o 3 resp. 6 g živé kultury kvasinek (Yea Sacc 1026 ). U zvířat, kterým bylo krmivo obohaceno o kulturu kvasinek, se významně zvýšily (p < 0.05) hodnoty pro mléko s upraveným obsahem tuku (FCM) (1221 resp. 1116 g/den u pokusné skupiny YS6 resp. YS3 a 940 g/den u kontrolní skupiny CD) a hodnoty pro mléko s upraveným množstvím tuku a proteinu (FPCM) (1204 a 1103 g/den u pokusných skupin YS6 resp. YS3 a 931 g/den u kontroly CD). Hodnoty dojivosti, tučnosti mléka a obsah laktózy byly význam-ně vyšší (p < 0.05) pouze v YS6 skupině ve srovnání s CD skupinou. Hodnoty dojivosti u zvířat v YS6 skupině byly trvale zvýšené v porovnání s kontrolní skupinou, zatímco dojivost u ovcí v YS3 byla během období strojního dojení variabilní. Jednotlivé složky mlé-ka nebyly významně ovlivněny přídavkem kultury kvasinek do krmiva, pouze u ovcí ve skupině YC6 byla zjištěna nižší hodnota močoviny (p < 0.05) a zároveň došlo ke zvýšení (p < 0.05) obsahu nenasycených mastných kyselin (NEFA). V obou pokusných skupinách bylo pozorováno zvýšení (p < 0.05) obsahu β-hydroxy-butyrátu (BHB) ve srovnání s kontrolní skupinou. Další biochemické ukazatele měřené v krvi nebyly přidáním kvasinek do krmiva ovlivněny.
Z našeho experimentu vyplývá, že za těchto podmínek pokusu má přídavek živé kultury kvasinek výrazný vliv na produkci mléka a metabolismus ovcí mléčného plemene během období strojního dojení. Na základě dalších výsledků lze zahrnutí živé kultury kvasinek (Yea Sacc 1026 ) do krmné dávky pastevně chovaných ovcí pokládat za příznivé a to v množ-ství 6g/zvíře/den.
